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Rong-Quen Jan and Kun-Hsiung Chang (1984) Influence of feeding jumps on 
the egg-caring behaviour of male sergeant major Abudefduf vaigiensis (Pisces: 
Pomacentridae). Bull. Inst. Zool., Academia Sinica 23(2): 159-171. Along northern coast 
of Taiwan, the damselfish Sergeant Major, Abudefduf vaigiensis (Quoy et Gaimard) 
is very abundant in the shallow waters. Its spawning season begins in April and 
heavy spawning occurs from May to August. In the majority of time before the 
fertilized egg hatches, the male which is responsible for egg-caring is dedicated to 
nesting site. However, conspicuous feeding jumps occur to the duty male when 
current brings the planktonic food. To examine a possible alternation of behaviour 
budget when feeding period commences, the actions of the egg-caring damselfish can 
be divided into the following items seperately: skimming, fanning, nipping, watching, 
chasing, cruising, feeding, staying, approaching and jaw locking. The occurring 
sequence of these actions was consistent. First order transition matrices showed that 
almost all motions were highly repetitive. It also showed that during non-feeding 
period, motions performed mostly were nipping, fanning and skimming, which com- 
prised 63.9% of the total frequency. After planktonic food triggered the feeding 
period, the feeding action predominated over a relative frequency of as great as 
59.2%. As time shifted from non-feeding period, the relative frequencies -of 
skimming, chasing and approaching were less variable than were those of the 
other actions. The position of motions in a typical sequence shown in flow 
diagrams may be used to determining the level of activation of the behavioural 
system associated with those motions. Hypothetical control units are tentatively 
made to each action of the egg-caring male. | 


rather than on the temporal 


sequence or 


E aeu care is a common phenomenon 
in a great number of fishes with demersal 
eggs (for reviews see Blumer, 1979; Perrone 
and Zaret, 1979; Barlow, 1981; Baylis, 1981). 
In pomacentrids, the information of egg-caring 
behaviour has also accumulated to a certain 
degree, since these fishes are highly associated 
with coral reefs and attractive to ethologists. 
However, most of previous studies were 
focussed on the description of the occurrence 
of intruder-defence and egg-cleaning actions 
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activity budgets of egg-caring behaviour (Abel, 
1961; Myrberg, et al., 1967; Fishelson, 1970; 
Swerdloff, 1970; Clarke, 1971; Russell, 1971; 
Keenleyside, 1972;  Fishelson, et al, 1974; 
Moyer, 1975; Mapstone and Wood, 1975; 
Ross, 1978; Nakazono, et al., 1979; De Boer, 
1980, 1981; Chang and Jan, 1983; Thresher 
and Moyer, 1983). 

In damselfishes, such as Abudefduf zonatus 
and Pomacentrus nagasakiensis, the egg-caring 
ones would sometimes leave their nesting sites 


160 


for short-term feeding (Keenleyside, 1972; 
Moyer, 1975 ;. In such case, we consider that 
an alternative strategy may exist for the 
feeding ones to invest their care, as compared 
with what had done by the fishes still staying 
around their nesting sites. 

To examine this idea, the sequences of 
motions of  egg-caring Sergeant Major 
Abudefduf vaigiensis (Quoy et Gaimard) were 
recorded in situ. Then, the activity budgets of 
the fish between non-feeding and feeding 
periods were compared. 


MATERIAL AND METHODS 


This study was done at Kwei-hou, the 
northern coast of Taiwan (121°41/E, 25°12/N). 
Underwater observations on the behaviours 
of egg-caring Sergeant Major,  Abudefduf 
vaigiensis, were carried out intensively using 
scuba gears during May, 1982. The actions of 
the egg-caring males were further seperated into 
the following motion units (descriptions see Life 
history of the fish): skimming (SK), fanning 
(FA), nipping (N), watching (W), chasing 
(CH), cruising (CR), feeding (FE), staying 
(ST), approaching (A), and jaw locking (L). 
These units were written down in occurring 
sequence on a water-resistent notebook.  AII 
data were collected for two 40-min. periods 
on an egg-caring fish on the forth day after 
spawning. 

In those motion units which, if occurred, 
were composed of several bouts of repetitive 
actions, each repetition was recorded sepera- 
tely. For comparison, records of sequential 
behaviour were kept of the fish in two distinct 
different periods, (1) the non-feeding period, 
during which the egg-caring male was mostly 
busy with egg-nipping; and (2) the feeding 
period, which was characterized by conspicu- 
ous feeding jumps of the fish. 


Life history, of the fish | 

Abudefduf vaigiensis (Quoy et Gaimard) 
is very abundant along northern coast of 
Taiwan. During winter when northeast 
monsoon prevails, the individuals of A. 
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vaigiensis scatter around reef area. Individuals 
would aggregate in early spring, forming 
schools and feeding along channels between 
reef flats. Reproduction begins in April and 
heavy spawning occurs from May to August. 
While reproducing, the male in the spawning 
school would build nest on the slanting surface: 
of reef outcrops, where it is possibly predo- 
minated by strictly territorial damselfish 
Stegastes fasciolatus. The ecology and repro- 
ductive behaviour of this local species is 
quite similar with that of the Red Sea ones 
(Fishelson, 1970). Breeding colonies are com- 
posed of tens of nesting males from place to 
place during the spawning season. After 
spawning, the male is responsible for taking 
care of eggs. The egg-caring behaviour is 
composed of the following elements: 


Skimming (SK)—The fish swims laterally and 
rubs the egg layer with his body trunk. 

Fanning (FA)—The fish swims near egg mass, 
then to fan the egg with pectoral fins 
or to swim backward to bring his caudal fin 
to the egg mass, then fanning with vigor- 
ous fin movements. . | 

Nipping (N) 一 The fish bites something from 
the egg layer with his mouth. 

Watching (W)—The fish remains in the water 
column a bit over the reef outcrop where 
the nest locates. 

Staying (ST)—The fish stays simply beside the 
reef outcrop, and exhibits no other egg- 
caring motions. 

Chasing (CH)—The fish dashes straightly 
toward intruders, such as Stegastes fascio- 
latus, Pomacentrus coelestis, etc., and chases 
them away. | 

Approaching (A)—The fish swims gently. 
toward an intruder, then swims back no 
matter whether the intruder responds or 
not. 

Cruising (CR)—The fish swims within a 
diameter of about 1.5 meters around the 
nesting site. 

Feeding (FE)—The fish darts upward to the 
water column over his nest and swallows 
planktons as food. 
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Jaw locking (L)—The fish attacks trespassing 
conspecifics and grasps the jaws of the latter 
fish for a few seconds with his own jaws. 


Abudefduf vaigiensis is a planktonic feeder. 
While feeding, the fish ascends in the water 
column, often rising three to five meters above 
his nest. In the daytime, the behaviour of an 
egg-caring fish can be divided into two patterns 
according to whether mass feeding excursion 
happens or not. In the majority of time, the 
nesting male is used to staying around 
spawning site, busy with egg-caring actions 
(Fig. 1). In this case, feeding only happens 
sporadically and the time is defined as non- 
feeding period. However, heavy feeding 
happens when tidal current brings planktonic 
masses to the shoreline. The egg-caring fish 
in the distant area would find the approaching 
plankton first and dash to the water column 
to collect planktons, such as Sagitta and 
hydromedusae, as food. Same action would 


be done later by other egg-caring individuals 
the previous monotonous 


(Fig. 2). Then, 
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During the non-feeding period the male Abudefduf vaigiensis centring 


Fig. 1. 


water column is filled with fish individuals 
busy with feeding. That is to say, feeding 
period commences. Feeding period stops 


-about two hours later when planktonic mass 


moves away. From now on, non-feeding 


period begins again. 


Data analysis 


Data collected from the fish in both non- 
feeding and feeding periods are arranged to 
construct matrics after Kroll (1981). For 
those actions with a total frequency higher 
than ten, every two actions are treated with 
Spearman’s rank correlation method (Sokal 
and Rohlf, 1969; De Boer, 1980) to test 
correlation between them. Furthermore, 
expected values of the cells in the matrix are 
calculated. Two kinds of expected values 
were deduced for each cell, they are expected 
value one (E1), calculated after Kroll (1981); 
and expected value two (E2), calculated by 
‘Quasi-independence’ method (Everitt, 1977) 
after omitting the diagonal cells which present 
repetition of each action. 


proce АЫ ЫЫ 


аат 


the nesting site, is subject to egg caring. Egg patch is conspicuous 
on the slanting surface of the reef. 
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Fig. 2. When the planktonic mass arrives, the egg-caring male jumps to the | 
| water column for feeding. 


For each frequency which occurs in the 
sequence preceding or following an action, 
adjusted values are deduced, to test if this 
frequency differs significantly from its expected 
values. Adjusted residuals are obtained from 
expected values except zero, then compared 
with 525 standard normal deviate, namely, 
1.96, to test significance. | 


RESULTS 


Sequential motions of egg-caring А, vai- 
giensis were recorded in a total of 577 units 
during non-feeding period (Table 1), and 542 
units during feeding period (Table 2). Motor 
patterns are analyzed and the differences 
among them are studied. 

The relative frequencies of different 
actions are shown in Fig. 3 to enable a 
comparison of fish behaviours between non- 
feeding and feeding periods. During non- 
feeding period, actions performed mostly were 
nipping, fanning and skimming, which com- 
prised 63.9% of the total frequency. Other 


actions occurred less frequently as compared 
with the above actions. Feeding was very 
rare in this period but, predominated over 
a relative frequency of as great as 59.2% 
after planktonic mass triggered the feeding 
period. In comparison with the behaviour 
budgeted for different periods, it is found 
that the relative frequencies of FA, N, W, 
CR, and ST declined drastically as time 
shifted from non-feeding to feeding period. 
Among the rest actions SK and CH varied in 
a comparably small scale and jaw locking 
occurred only facultatively. 

The. significant positive correlations be- 
tween actions recorded during non-feeding 
period is given in Fig. 4A. It shows that SK, 
FA and N can be arranged in a mutually 
positively correlated group, with few 
correlations with actions outside this 
SK, FA and N can be functionally 

serving the care of 
the three actions are 


group. 
considered as actions 
fertilized eggs. All 


performed on the nest. Analogous function 
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TABLE 1 
Matrix of the number of times the different actions followed or à 
preceded each other during non-feeding period 
El=indicates expected frequency of each cell. E2-indicates expected 
frequency without taking the repetitive frequency into account. SK= 
Skimming; FA=Fanning; N=Nipping; W=Watching; CH=Chasing; 
CR=Cruising; FE=Feeding; ST=Staying; A=Approaching. 


- Following 
SK FA N W CH CR FE ST A Total 
Preceding | 
SK 46 1 16 13 10 0 5 4 105 
El 19 20 8 13 9 5 9 2 
E2 10 13 11 8 5 0 8 2 
FA 15 58 12 9 6 5 0 3 1 109 
Б1 20 21 29 13 10 5 0 9 2 
E2 10 11 10 7 4 0 7 2 
N 14 12 92 14 12 0 5 1 154 
Е1 28 29 41 19 14 1 13 3 
Е2 13 11 | 12 8 5 0 8 2 
ү 8 10 14 15 4 11 0 71 
El 13 13 19 9 3 0 6 
E2 11 10 11 5 0 7 2 
CH 13 55. 5 5 13 2 0 6 2 51 
El 9 10 14 5 0 4 1 
Е2 8 7 7 3 0 5 1 
CR 3 4 3 4 1 4 1 7 1 28 
El 5 5 7 3 2 0 2 1 
Е2 5 4 5 5 3 0 3 1 
ЕЕ 0 0 0 1 0 0 1 2 
El 0 0 1 0 0 0 0 
E2 0 0 0 0 0 0 0 0 
. ST 4 9 Il 7 5 1 1 8 1 47 
Е1 9 9 13 4 2 0 4 1 
Е2 8 7 7 7 5 3 0 1 
А 1 2 0 3 0 10 
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TABLE 2 
Matrix of the number of times the different actions followed or 


preceded each other during feeding period 


Jaw locking; otherwise same as Table 1. 


LGs 


Following 


Total 


CR FE ST 
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SK 


Preceding 
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Percentage 


SK FA E "CH 


5] @ 7 A n | 


CR FE ST .A L 


Fig. 3. Relative frequencies of behaviour (as percentage of total) of egg- 
caring Abudefduf vaigiensis during both non-feeding (blank column) 


and feeding (thatched column) periods. 


Table 2. 


and the same performing site could therefore 
cause the correlations between them. Watch- 
ing in this case does not belong to the same 
group since it correlates with SK, FA and N 
only as a preceding action. With regard to 
other actions, it is found that there is no 
mutual positive correlation between each other. 
Fig. 4B presents the significant positive 
correlation among actions recorded during 
feeding period. It shows that the group 
consisting of SK, FA and N in the non- 
feeding period no longer exists. However, 
among them, SK and FA are still highly 
correlated with each other.  Conjecturally, 
they could be again arranged in a group. 
Additionally, another group comprising CH 
and FE is also found in the feeding period. 
Direct association between every two 
actions for the egg-caring A. vaigiensis in the 
non-feeding period is shown by flowdiagrams 
in Fig. 5. The diagrams which show 
the temporal pattern of behaviours of an 
individual fish, are prepared from the matrix 


For abbreviations see 


presented in Table 1. Since the purpose of | 
the diagram is to present typical sequences of 
behaviour, only the cells reaching a value more 
than ten are included in the flowdiagram. 
Two diagrams, one for actions with repetition 
(Fig. 5A) and the other for actions without 
the repetition frequency (Fig. 5B), were 
prepared. In Fig. 5 it shows that actions, 


namely, FA, SK, N, CH and W, have signi- 


ficantlv higher repetition frequency than the 
expected values (refer to Table 1). And 
among six transiting frequencies of the FA, 
N, SK group, four of them, viz, N@FA, 
FA-SK, N-SK, were significantly lower than 
expected values. When the repetition fre- 


quency are excluded (Fig. 5B), it is found 


that 
occurred not significantly different from the 


transitions within FA, N, SK, group 


expected values. Therefore, it is concluded 
that during non-feeding period each action of 
the SK, N, FA group tends to occur repeti- 


tively. But the change of actions would be 
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(A) 


(B) 


Fig. 5. Behavioural flowdiagrams for the egg-caring Abudéfduf vaigiensis 
during the non-feeding period. Cells less than ten are omitted. 
(A) Repetitive actions included, (B) Repetitive actions excluded. : 
A bold arrow connecting two actions indicates a transition in which 
the adjusted residual d;;2-1.96, a dashed arrow indicates d;;<—1.96, 
and a plain arrow indicates —1.96<d;;<1.96. Numbers over the 
arrows indicate percentage of times the first behaviour 15 followed by 
the second. Diameter of the circle indicative relative frequency of the 
behaviours. The percentage of a repetitive action is presented as a 
circle inside the preceding action. For abbreviations see Table 2. 


controHed by the weights of actions themselves. subordinately after W. In other words, the 

Both the repetition and non-repetition fish would get a higher probability to perform 
data show that a significantly higher frequency CR if the preceding action is W. In addition, 
is contributed to the sequence of W-CR. as repetition is not taken into account, CH 
This result suggests that CR action may occur gets a significant tendency to send out SK 
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(Fig. 5B). 

A flow chart of behaviour of the egg- 
caring male in feeding period is illustrated in 
Fig. 6. Feeding may precede or be followed 
by a sequence of behaviours which typically 
includes FE, SK, FA and CH. As the result in 
non-feeding period, a high repetition of action 
unit also happens to the fish in the feeding 
period (Fig. 6A). Due to diminishment on 
frequencies of some actions in this period, only 
five actions viz., SK, FE, CH, FA and N, with 
frequencies of more than 10, compared 


» ® 


Behavioural flowdiagrams for the egg-caring A. vaigiensis during the 


Fig. 6. 
feeding period. 


` value (Fig. бА). 


(A) Repetitive actions included, 


to seven actions in the non-feeding period. 
Strong exhibition of FE characterizes the 
action of this period. The frequency of the 
sequences in the repetition data, such as 
ЕЕе5К, CH-FE, is lower than its expected 
| Nevertheless, the significant 
difference is no longer exist (Fig. 5B) in the 
non-repetition data. During feeding period, 
the frequencies of those actions preceding or 
following N are less than ten, therefore their 
relative frequencies are not indicated in the 
figure. i 


в) 


(В) Repetitive 


actions excluded. For abbreviations see Table 2. 


DISCUSSION 


Parental investment of bony fishes has 
been currenily focussed in recent years. Most 
studies on damselfishes have aimed at both 
pre-fertilization and post-fertilization invest- 
ment. The reproductive success of the former 
is strongly emphasized (De Boer, 1981; 
Schmale, 1981; Thresher and Moyer, 1983). 
Nevertheless, the budget of the investment 
has not yet been sufficiently studied. In the 
present study, we describe that how the care 
is invested by A. vaigiensis when conflict 
occurs between care investment and energy 
gain. 

Description of motion units of .4. vaigiensis 


shows what occurs rather explains how or 
why. However, these motion units can be 
further divided into four categories according 
to the function currently known to each 
motion unit (Fishelson, 1970; Blumer, 1979). 
These categories are: 


Type I—acts benefiting to egg development, 
and hatching. These acts include skim- 
ming, fanning and nipping. 

Type II—acts to guard the eggs from preda- 
tion by intruders.. These acts include 
chasing, approaching and jaw locking. 

Type III—acts to gain energy, feeding is the 
only motion unit here. 

Type IV—acts not attributing to Type I, II 
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and IH, but may elaborate into these 
action types. These acts include watching, 
staying and cruising. 


The egg-caring behaviours of the duty 
male centre around the nesting sites where 
the female spawns. When the fish jumps to 
feed in the mid-water, it would run risks of 
leaving his eggs unprotected. "Therefore, it is 
undoubtedly that during the approach of 
planktonic mass, the fish has to make a 
decision whether to feed or to take care of 
eggs. It is found that FE (Type III) in this 
case takes priority over Type I and IV actions, 
as compared to what happened in the non- 
feeding period. Still, not all type I motions 
were neglected since the relative frequency of 
SK is nearly similar to that in the non-feeding 
period. For SK, which contributes 18.3% of the 
frequency in non-feeding period and 16.9% in 
feeding, seems to get an activity budget in- 
dependent of whether food mass comes or not. 

The function of Type IV actions is still 
- obscure. Though a high relative frequency of 
| 25.3%. in the  non-feeding period drops 
drastically to 3.1% when feeding period 
commences, existence of sequence of un- 
expected frequency, е. g, W—CR may imply 
there between the units to be certain linkage. 
In consideration of the characteristic of Type 
IV actions such as highly supressible, these 
actions may be termed as 'intermediate' actions. 

As to Type Il actions they are mostly 
elicited by trespasses of intruders, such as 
Stegastes fasciolatus, Pomacentrus coelestis, 
Labroides dimidiatus and some other wrasses, 
which inhabit neighbouring area and tend to 
rob eggs. The similar relative frequencies of 
Type II actions recorded in both the feeding 


and the non-feeding periods, may imply that 
these motions are important to egg-protection. 


Since these actions are mainly elicited by 
external stimuli, they correlate with other 


actions only in few cases. When the duty 
male left for feeding, the trespassers would 
take the opportunity to steal eggs. Though he 
seldom failed to defend the intruders, he lost 


Fig. 7. Hypothetical model for organization 
of egg-caring behaviours of Abudefduf 
vaigiensis. Where, circle indicates 
control unit; control output transits 
from a circle to a smaller one. A 
plain line indicates that the control 
out-put functions only during the 
non-feeding period, whereas a dashed 
line indicates the control output 
functions only during feeding period. 
Bold lines fabricate the basic control 
system available during both periods. 
Signals in some circles present budget 
changes when feeding jump is acti- 
vated, where plus sign indicates 
frequency reinforced, and minus sign 
indicates frequency suppressed. 


some eggs during his absence. Therefore, the 
budget for defending the intruders during the 
feeding period seems to be limited. 

A hypothetical model for the organization 
of egg-caring behaviour of A. vaigiensis is 
tentatively prepared in Fig. 7. In this model 
existence of control units is based on both 
non-repetition flowdiagram апа correlation 
analysis. Outputs of control units pass from 
circles to the smaller ones, and end with 
action(s). When the feeding behaviour is 
activated, an alternate budget is triggered 
passively as shown in the figure. 


Acknowledgement: This project is sup- 
ported by NSC of the Republic of China 
under Contract NSC 73-0201-B001- 19. 


| 170 R. Q. JAN AND K. H. CHANG 


REFERENCES 


ABEL, E.F. (1961)  Freiwasserstudien über das 
Fortplanzungsverhalter des Mónchfisches Chro- 
mis chromis Linné, einem Vertreter der Poma- 
centriden im Mittelmeer. Z. Tierpsychol, 18: 
441-449. 

BARLOW, G. W. (1981) Patterns of parental invest- 


ment, dispersal and size among coral-reef fishes. 


Env. Biol. Fish. 6: 65-85. 

BAYLIS, J.R. (1981) Тһе evolution of parental 
care in fishes, with reference to Darwin's rule 
of male sexual selection. Env. Biol Fish. 6: 
223-251. 

BLUMER, L.S. (1979) Male parental care in the 
bony fishes. The Quarterly Review of Biology 
54: 149-161. 

BoER, B. A. de (1980) A causal analysis of the 


territorial and courtship behaviour of Chromis 


 cyanea (Pomacentridae, Pisces). Behaviour 73: 
1-50. 
Вовк, B.A. de (1981) Influence of population 


... density on the territorial, courting and spawn- ` 


ing behaviour of male Chromis cyanea (Poma- 
centridae). Behaviour 77: 99-120. d 

CHANG, К.Н. and R.Q. JAN (1983) Ethology of 
neon damsel fish Pomacentrus coelestis Jordan 
and Starks, along th northern coast of Taiwan. 
Bull. Inst. Zool., Academia Sinica 22(1): 1-12. 

CLARKE, T. A. (1971) Territory boundaries, court- 
ship and social behavior in the garibaldi, 
Hypsypops rubicunda (Pomacentridae). Copeia 
1971(2): 295-299, 

EVERITT, B. S. (1977) The analysis of contingency 
- tables. Chapman and Hall Ltd., London. 128pp. 

FISHELSON, L. (1970). Behaviour and ecology of a 
population of Abudefduf saxatilis (Pomacentri- 
dae, Teleostei) at Eilat (Red Sea). Animal 
Behaviour 18: 225-237. 

FISHELSON, L., D. РОРРЕВ and A. AVIDOR (1974) 
Biosocialogy and ecology of pomacentrid fishes 
around the Sinai Peninsula (northern Red Sea). 
J. Fish Biol. 6: 119-133. 

KEENLEYSIDE, M. H. A. (1972) The behaviour of 
Abudefduf zonatus (Pisces, Pomacentridae) at 
Heron Island, Great Barrier Reef. Animal 
Behaviour 20: 763-774. | 


KROLL, W. (1981) The behavior of the African 
Kilifish, Aphyosemion gardneri: normative 
studies. Eny. Biol. Fish. 6: 277-284. 

MAPSTONE, G.M. and E.M. Woop (1975) The 
ethology of Abudefduf luridus and Chromis 
chromis (Pisces: Pomacentridae) from the 
Azores. J. Zool. Lond. 175: 179-199. 

Moyer, J.T. (1975) Reproductive behavior of the 
damselfish Pomacentrus nagasakiensis at Miyake- 

.— jima, Japan. Japan. J. Ichthyol. 22(3): 151-163. 

MYRBERG, А.А. Jr., B. D. BRAHY, and А. R. EMERY 
(1967) Field observations on reproduction of 
the damselfish, Chromis multilineata (Pomacen- 
tridae), with additional. notes оп general 
behavior. Copeia 1967(4): 819-827. | 

NAKAZONO, Á, H. TAKEYA and Н. TSUKAUARA 
(1979) Studies on the spawning behaviour of 
Chromis notata (Timminck et Schlegel). Sci. 
Bull. Fac. Agr., Kyushu Univ. 34: 29-37. 

PERRONE, M. Jr., and T. M. ZARET (1979) Parental 
care patterns of fishes. The American Naturalist 
113: 351-361. | 

Ross, R. M. (1978) Reproductive behavior of the 
anemonefish Amphiprion melanopus on Guam. 
Copeia 1978(1): 103-107. 


` RuSSELL, B. C. (1971) Underwater observations on 


the reproduction of the demoiselle Chromis 
dispilus (Pisces: Pomacentridae). Marine Biology 
10: 22-29. 

SCHMALE, M. C. (1981) Sexual selection and re- 
productive success in males of the bicolor 
damselfish, Hupomacentrus partitus | (Pisces: 
Pomacentridae}. Anim. Behav., 29: 1172-1184. 

SOKAL, R.R. and F.J. RoHLF (1969) Biometry. 
W.H. Freeman and Company. San Francisco 
776рр. 

SwERDLOFF, S.N. (1970) Behavioral observations 
on Eniwetok damselfishes (Pomacentridae: 
Chromis) with special reference to the spawning 
of Chromis caeruleus. Copeia 1970(2): 371-374. 

THRESHER, R. E. and J.T. Moyer (1983) Male 
success, courtship complexity and patterns of 
sexual selection in three congeneric species of 
sexually monochromatic and  dichromatic 
damselfishes (Pisces: Pomacentridae). Anim. 
Behay., 31: 113-127. 


EGG-CARING BEHAVIOUR OF ABUDEFDUF VAIGIENSIS 171 


EREN Abudefduf vaigiensis (Quoy et Gaimard) 
FARE RR MIN NT ee 
я RB tt 


FEAR ACB HET > {ЕТЕЩ Abudefduf vaigiensis (Quoy et Gaimard) 的 数量 非常 多 о 
(RUE RR TE EEO AO BAR EO > MERA BAA REM » ЕРТЕ ВЫЗВА › 38 
BE Е 2 E > ГАЕТЕ УЖЕШ о Е ЕАО ЕШШ, HAARR о EERW. 
hy , Е ЕТЕ БЕНИ, ӘВЕ R НАТЕ ЕЕН ВННЕ > BOHR rto tr nb s 
SRLS HP АЗЕ БЕРРИ ЛЕЙ o R ГАЛЕ НЕ EM ^ ВИТА EBURIBESMU S ， 我 们 先 把 
他 的 行 篇 分 成 如 下 各 种 动作 : ON Skimming . Ej Fanning» HIN Nipping^ igi Watching、 追 逐 
Chasing、 巡 游 Cruising ^ HA Feeding ` {Fiy Staying ` ÑM Approaching RZ Jaw Locking 等 
等 ， 然 后 依 其 各 种 动作 的 发 生 次 序 ， 加 以 记录 ， 以 做 分 析 整 理 之 用 о 

以 矩阵 分 析 的 烙 果 ， 显 示 大 如 份 动作 都 有 显著 连续 发 生 的 现象 。 此 外 ， 在 非 摄食 时 期 ЖЫН, RUE 
以 及 擦 卵 等 三 个 动作 的 发 生 频 率 所 佑 最 多 ， 狗 占 此 一 时 期 中 所 有 动作 的 63.927 о 至 於 党 海流 带 来 浮游 生 
物 团 之 后 ， 见 集 摄食 的 动作 会 增加 到 59.2% 2S о 党 闵 卵 雄 急 由 非 摄 食 时 期 转换 到 摄食 时 期 ETRE 
他 在 控 卵 、 追 逐 及 前 迎 等 过 三 个 动作 上 АЕА ОНИЕ > ZAR AEE A IBLE 
大 。 烃 以 流程 图 来 表示 时 ， 各 种 动作 的 相关 位 置 可 以 显示 出 整个 行 振 系统 还 作 的 决定 情形 ^ PEER 
fix — TAR TL EA BS ET ATT i Pe tb AM о | 


